Introduction 63
The Anthropocene has been characterised by unprecedented human exploitation of natural 64 resources, resulting in global threats to biodiversity and extinction events within many taxa (Dirzo et 65 al., 2014; McGill et al., 2015) . Effective measures for the conservation of biodiversity require an 66 understanding and characterisation of diversity within and among species. The field of conservation 67 genetics provides opportunities for quantifying diversity across space and time (Allendorf et al., 2010 ) 68 and such approaches are increasingly powerful with the growing incorporation of genome-wide data. 69
Species delimitation, the process by which populations of individuals are grouped into reproductively 70 isolated and separately evolving units, is a fundamental application of genomic data to biodiversity 71 conservation. 72 DNA sequence (ddRAD) data (Peterson et al., 2012) Table 1 for further details. Note that we use species names that were assigned to samples at the time 148 of collection, some of which are now invalid (White et al., 2017) . 149
150

Results
151
Monophyly and clustering 152
Maximum Likelihood phylogenetic trees based on two genome-wide SNP data matrices (hereafter 153 referred to as datasets p10 and p90, see Supplementary Table 2 that we use species names that were assigned to samples at the time of collection, some of which are 207 now invalid (White et al., 2017) . PC1 and 2, H) M. hypostoma and M. munkiana, PC1 and 3. Note that we use species names that were 218 assigned to samples at the time of collection, some of which are now invalid (White et al., 2017) . 219 220 221
Species Delimitation 222
Species models (see Supplementary Table 4 for In all clades, models assessing support for interaction from higher up the tree, as well as models testing 244 random assignment of individuals to species, perform comparatively poorly (Supplementary Table 4 indicating that species placement is unaffected by admixture, where species may be more closely 282 related than the tree suggests, or where species may be forced closer together due to unmodeled 283 migration (Pickrell and Pritchard, 2012) . Furthermore, three-population tests were all positive 284 (Supplementary Table 7 It is important to recognise speciation as a continuous process, where lineage splitting does not 295 necessarily correspond to speciation events. When this is explicitly modelled, the multispecies 296 coalescent has been shown to overestimate species numbers, recovering all structure both at the level 297 of the species and the population (Sukumaran and Knowles, 2017). In contrast to previous studies of 298 mobulid taxonomy, the global nature of our dataset allows for this conflict to be resolved, where in 299 many cases, individuals from pairs of putative species are sampled within sites, thereby allowing this 300 distinction to be made. 301
We find strong evidence supporting the existence of a third, undescribed species of manta ray in the 302 M. eregoodootenkee cannot be attributed to geographic population structure (Sukumaran and 340 Knowles, 2017). There is evidence to suggest that periods of speciation within the Mobulidae 341 correspond to episodes of global warming and associated changes in upwelling intensity and 342 productivity, and it is hypothesized that this led to fragmentation and subsequent divergence with 343 respect to feeding strategies (Poortvliet et al., 2015) . Differences in morphology between M. kuhlii 344 Previous studies found morphological differences sufficient to consider M. rochebrunei (a pygmy devil 370 ray species described off the coast of West Africa) a distinct species (Cadenat, 1960) ; summarised in 371 Notarbartolo Di Sciara (1987) . In this study, we were unable to generate molecular data representing 372 M. rochebrunei (now considered to be a junior synonym of M. hypostoma (White et al., 2017) ). analysis, and BFD* supports models that recognise these populations as distinct species. Indeed, there 386 are anecdotal suggestions of morphological differences occurring in M. kuhlii across the Indian Ocean 387 (Stevens et al., 2018) . However, given that we cannot rule out a geographic driver of these patterns, 388
M. kuhlii and M. alfredi must currently be maintained as singular species. Further study is required to 389 investigate this pattern, and to assess the population genetic structure of both species to support 390 effective management. quality filtering and assembling raw read data. Data were demultiplexed using the process_radtags.pl 522 module and due to an indication of adapter contamination, adapter sequences were filtered out at 523 this stage, with two mismatches allowed in the adapter sequence. In addition, the score limit was 524 raised to 20 (99% probability) within the process_radtags sliding window to remove low quality 525 sequence reads. Reads with an uncalled base were also discarded at this stage. 526
To minimise the level of linkage in our SNP data, only forward reads were included in the next stages 527 of analysis. To remove any short fragments that were not successfully filtered out at the size-selection 528 stage of the wet-lab protocol, a custom bash script was used to remove any sequence reads that 529 contained a cut site for the SphI enzyme. This amounted to 8.5% of reads across samples. 530
In order to assemble loci and call SNPs, the denovomap.pl program was executed in Stacks (Catchen 531 et al., 2011) . The three main parameters for assembly were set as those that generated the largest 532 number of new polymorphic loci shared across 80% of individuals, following the method for parameter 533 testing described by Paris et al. (2017) . Four identical reads were required to build a stack (-m), stacks 534 that differed by up to four nucleotides were merged into putative loci (-M) and putative loci across 535 individuals that differed by up to five nucleotides were written to the catalog (-n). This resulted in an 536 average coverage of 105x across loci and samples. Allele and SNP error rates, as defined by Mastretta-537
Yanes et al. (2015) , were below 6% and 2.5% respectively. 538
To generate a SNP matrix at the individual level, the populations.pl program in Stacks (Catchen et al., 539 2011) was used to output a VCF file containing all discovered SNPs across every polymorphic locus 540 that was shared across more than a specified minimum number of individuals (10 or 90). This 541 generated two matrices of varying size and with varying levels of missing data (see Supplementary 542 Table 2 ). In order to remove possible paralogous loci from these matrices, VCFtools (Danecek et al., 543 2011) was used to generate information on the average coverage at each locus across individuals. 544
Those loci that were sequenced at more than double the standard deviation of coverage were 545 assumed likely to be paralogous loci and were excluded. In addition, loci that were sequenced at less 546 than one-third the standard deviation of coverage were excluded to mitigate for the effects of allele 547 dropout (Arnold et al., 2013; Gautier et al., 2013) . Moreover, loci were assessed for excess 548 heterozygosity due to mapping artefacts, where those loci that were identified as having a high 549 probability of heterozygote excess in one or more species were excluded from the entire dataset. 550
Finally, to exclude erroneous SNPs called due to indels in the sequence, that are not accounted for in 551
Stacks, any SNP in the last five nucleotide positions was excluded. To output final quality controlled 552 SNP matrices for downstream analysis, the remaining loci and SNPs were written to a whitelist, and 553 passed back to the populations.pl program in Stacks (Catchen et al., 2011) . The -write_random_snp 554 option was enabled at this stage to output a single random SNP per locus, thereby minimising the risk 555 of genetic linkage, since this is a fundamental assumption of some of our downstream analyses. This 556 resulted in two final matrices, p10 and p90, with 7926 and 1762 SNPs and 47.1% and 14% missing data 557 respectively (summarised in Supplementary Table 2 ). 558
At the species level, these same whitelists were passed to populations.pl along with a population map 559 assigning individuals to species based on the best-supported species model. The resultant matrices 560 (summarised in Supplementary Table 2) were used for the species level analyses described below. 561
Reduced numbers of SNPs reported are due to a population (or species in this case) having 562 incompatible loci -those with more than two alleles -which becomes possible when grouping 563 individuals together. 564 565
Assessment of monophyly and clustering 566
To infer relationships among mobulid individuals, Maximum Likelihood (ML) phylogenetic analysis was 567 carried out on concatenated ddRAD loci using RAxML version 8.2.11 (Stamatakis 2014 ). Analyses were 568 run for both datasets since missing data is known to influence aspects of phylogenetic inference such 569 as branch length (Leaché et al., 2015) . The GTRGAMMA model of rate heterogeneity was implemented 570 following assessment of best fit models in jModelTest (Darriba et al., 2015) . Support for clades was 571 assessed with 1000 bootstrap replicates and Rhinoptera bonasus was used as the outgroup to root 572 the tree. 573
Once clades had been delimited with RAxML, the data were split into four groups, corresponding to 574 four highly supported clades that were separated by long branch lengths. Due to the high computational requirements of running SNAPP, this analysis was carried out on the 602 smaller dataset, p90, and the data was split up into clade specific datasets, as described above. For 603 each clade however, four random individuals from the sister clade were included, to assess support 604 for interaction from higher up the tree. See Supplementary Alternative species delimitation models for each clade were informed both by the literature and by 607 our own phylogenetic and clustering analyses (see Supplementary Table 4 for details). In addition, a 608 model that randomly assigns individuals to two or three species was included for each clade, to assess 609 relative support for other models. In all clades, the null model was considered as those species defined 610
by White et al. (2017) , and all Bayes Factors were calculated relative to this null model. 611
612
Species tree inference 613
To estimate relationships among the Mobulidae, phylogenetic analyses of individuals belonging to 614 each of the best supported species was carried out using both Maximum Likelihood and Bayesian 615 methods. Maximum Likelihood phylogenetic analysis was carried out on concatenated ddRAD loci for 616 both species-level datasets, as described above for the individual-level datasets. 617
To test the tree topology and evaluate uncertainty, for example, due to incomplete lineage sorting, 618 species tree inference was also carried out in SNAPP (Bryant et al., 2012) , which allows each SNP to 619 have its own history under the multispecies coalescent whilst bypassing the need to sample each 620 individual gene tree. Due to the computational constraints associated with running SNAPP on a 621 dataset as large as ours, dataset p90 was used, and three individuals per species were randomly 622 selected following (Foote and Morin, 2016) , whilst maximising geographical coverage within species. 623
This process was repeated a further three times, randomly sampling individuals with replacement, 624 resulting in four subsampled alignments (individual-specific details of each subsample, as well as 625 details of numbers of SNPs retained with each subsample are provided in Supplementary Table 5) . 626
These four independent runs were carried out with an MCMC chain of 5,000,000 iterations, sampling 627 every 1000 and retaining default priors on lambda and theta. Similar runs with different prior 628 combinations produced similar results. Convergence to stationary distributions were assessed by 629 visual inspection after 20% burnin in TRACER (Rambaut et al., 2018) . The distribution of trees was 630 visualised after 20% burnin in DensiTree (version 2.2.6; (Bouckaert 2010)). The maximum clade 631 credibility tree was drawn using TreeAnnotator (version 2.4.7; ). 632
Multi species coalescent approaches, such as SNAPP used in this study, assume that any discordance 633 of topologies among loci results from incomplete lineage sorting and do not consider introgression as 634 a source of discordance. Therefore, to investigate the extent to which the variation in these data is 635 best explained by a single bifurcating tree, TreeMix (Pickrell and Pritchard, 2012) was used to evaluate 636 whether there is evidence for significant introgression events within the Mobulidae. TreeMix involves 637 building a maximum likelihood tree of user defined groups and calculating how much of the variance 638 in the data this fixed tree model accounts for. TreeMix was run on dataset p10. Given patterns 639 observed using SNAPP with respect to uncertainty in the placement of M. mobular, the three-640 population test (Reich et al., 2009) 
